There is a large increase in the number of elderly people in modern societies. This demographic phenomenon has been paralleled by an epidemic of chronic diseases and inflammatory process usually associated with advanced age. In this work we seek to fill a gap that still exists in the process of immunoregulation "old guy' looking to narrow the knowledge regarding their correlation with the immune system and the nervous system. The Nitric Oxide (NO) and Interleukins productions were studied in healthy subjects in age ranging from 20 to 80 years divided in three age groups: (20-39), (40-59) and (60-80) years. NO production was quantified in a Griess reaction. The results were expressed through the nitrite concentration calculated by linear regression using a standard curve obtained from a solution of sodium nitrite and 1mM RPMI. Interleukins 8, 10 and 4 (IL-8, IL-10 and IL-4) productions were measured by sandwich ELISA. Ours results demonstrated that Norepinephrine (NoAD) can no longer modulate the inflammatory cytokine profile and that there is a significant decay of the contribution of Caffeic Acid (CA) as an antioxidant and / or anti-inflammatory age-related. Thus, our results showed a lack of NoAD and CA modulation in human granulocyte in ageing dependent process.
Introduction
Senescence is the natural ageing process, which progressively compromises physical and cognitive. According to World Health Organization (WHO), the elderly begins between 60 and 65 years. However, this is an old established for research purposes, since the aging process depends on three main factors classes: biological, psychological and social factors [1] .
Ageing is a complex phenomenon that is still not completely understood. Age-related pathologies generally rise with approximately exponential kinetics beginning at approximately the mid-point of the species-specific life span (e.g., 50-60 years of age for humans) [2, 3] .
Progressive deterioration of innate and adaptive immune functions, a status termed 'immunosenescence' , is associated with the higher frequency and severity of diseases in the elderly, such as chronic infections, cancer and autoimmune disorders. Age-related immunosenescence can be characterized by a decrease in adaptive immunity and increase in low-grade chronic inflammation, also referred to as 'inflammaging' [4] . Another significant aspect is the marked increase in oxidative stress generated during the aging process [5] .
Studies by according to Chaves et al. demonstrated , in granulocytes, increased reactive oxygen species (ROS) after 40 years and nitrogen (RNS) from the age of 50. Concomitant with this increase, was observed a significant decrease in antioxidant power, suggesting an imbalance in cellular metabolic aging [6] [7] [8] .
Currently, it is known that many stimuli from the central nervous system are capable of modulating an immune response. The hypothalamic-pituitary-adrenal (HPA)-is one of those responsible for several of the links between these two systems. This communication is bidirectional because cytokine activates neuronal axis and neurotransmitters may be produced by cells from immune system. Endorphins, thyrotropin, prostaglandins, growth hormone, and catecholamines are also part of this type of neuroimmunoendocrine response [9] .
Norepinephrine (NoAD) is produced in response to physiological stress trigger and a broad spectrum of biochemical and physiological alterations including modulation of immunity [10] . It is believed that Caffeic acid (CA) able to prevent the neuroinflammationinduced acute, probably the long term neurodegenerative changes and attenuates lipopolysaccharide-induced sickness behaviour and neuroinflammation in mice [11] .
It has also been suggested that cytokines have a pivotal role in ageing. Studies by according to Minciullo et al. [12] demonstrated that morbidity and mortality is associated with high level of IL-1, IL-6,TNF-an IFN-Y in older people . The authors suggest that longevity depends on the balance between pro and anti-inflammatoy cytokines. Several therapeutic approaches have been suggested to modulate both inflammation and oxidative stress. Among them, caffeic acid (3,4-dihydroxycinnamic acid) is considered a compound with antiinflamatory and antioxidant properties. CA is believed to be able to prevent the neuroinflammation-induced acute and probably the long term neurodegenerative changes [13] .
Catecholamines (CAs), including Norepinephrine (NoAD), is produced are the first hormones in response to physiological stress trigger and a broad spectrum of biochemical and physiological alterations including hyperglycemia and modulation of immunity [10] The Norepinephrine, major sympathetic neurotransmitters, modulates the immune system through interaction with adrenergic receptors G protein-coupled (α1, α2, β1, β2, β3). Thus, the occupation of these receptors stimulates or inhibits adenylate cyclase, which will influence the role of cytokines [14, 15] .
Herein, we investigate in the present paper we study the effect of NoAD and CA in inducing the production of Nitric Oxide, IL-8, IL-4 and IL-10 in human granulocytes from different age range.
Results
NoAD and CA lose the ability to modulate the production of NO during aging process Our results (Figure 1-panel A) showed that in the age group from 20-39 years showed a significant increase in the production of NO by granulocytes, when they were incubated with NoAD or CA, compared to the control group (RPMI + granulocytes) (p<0.05). The values expressed as millimolar (mM) were 11,51 for NoAD and 14,66 for CA in comparison with 5,87 for control group.
For group from 40-59 only CA was able to induce the increase in secretion of NO by granulocytes. (Figure 1-panel B) . Both NoAD and CA were not able to activate the production of NO in granulocytes from age group of 60-80 years ( Figure 1-panel C) . Effect of NoAD and CA on the production of IL-8: proinflammatory profile
Our results in the age group 20-39 years showed a significant difference (p<0.05) in IL8 production by granulocytes when they were stimulated by CA compared to the control group (RPMI + granulocytes) (p<0.05). The IL-8 production decreased 88%. But NoAD activates the secretion of proinflammatory cytokine (IL-8) in 32% ( Table 1 , 2). The values represent the mean ± S.E. Interleukin production was expressed as pg/ml. G = granulocyte, NoAD = Norepinephrine , Ac = Caffeic Acid. (*) and (**) was Significant (p<0.05) and (p<0.01) respectively, when compared with control (G) by ANOVA and Tukey post-test Table 2 . Demographic characteristics of the studied groups. Our results in the age group 40-59 years showed difference (p<0.05) in the production of IL-8 by granulocytes when they were stimulated by NoAD (increase of 27%) or CA decrease of 31%) ( Table 1 ). In the age group of 60-80 years found no significant difference (p>0.05) was observed for the production of IL-8 when granulocytes were incubated with NoAD. But, CA inhibited IL-8 secretion 22% (p<0.05) in relation the control group.
Effect of NoAD and CA on the production of IL-4 and IL-10: anti-inflammatory profiles
Our results in the age group from 20-39 years, NoAD induced an IL-4's secretion (68%) by granulocytes in relation to the control group (RPMI + granulocytes) (p<0.05). CA was not effective on IL-4's secretion. The secretion of IL-10 by granulocytes showed no significant difference (p>0.05) when that cells were stimulated by NoAD or CA (Table 1) .
Our results showed age group from 40 to 80 years showed that IL-4 production by granulocytes stimulated by in the presence of NoAD or CA was not affected (p>0.05) ( Table 1) . Similar results were observed the production of for IL-10 was not significant (p>0.05) granulocytes were incubated with NoAD (Table 2 ). In the contrast, we observed a significant decrease in IL-10's secretion by granulocytes (p<0.05) incubated with CA (44% and 32%) in the age group from 40-59 and 60-80 years respectively.
Inhibitory effect of CA on the action of NoAD: process aging dependent?
Our findings clearly show a decrease of CA action on stimulatory effect of NoAD on NO production by human granulocytes during the aging process. We observed in the group from 20-39 years (49% activation), 40-59 years (34% inhibition) and 60-80 years (38% inhibition) effect of CA on NoAD in human granulocytes (Figure 2 ).
When evaluating the profile of interleukin pro and antiinflammatory found that a decrease in the running action of CA on the stimulatory action of NoAD in the production of IL-8 by human granulocytes during aging 91% (20- 
Discussion
The immune system undergoes profound transformations with age, and response patterns to immunological challenges are therefore highly age dependent. Changes that occur in humans after the age of 50 years have received particular attention because of their clinical impact. Such changes have been globally called 'immunosenescence' . The most widely appreciated consequence of advanced age is diminished effectiveness of the immune system. However, immunosenescence is multifaceted and also includes an enhanced susceptibility to autoimmunity that is conceptually difficult to reconcile with the impaired responsiveness of the adaptive immune system as well as constitutive low-grade inflammation that may contribute to a plethora of degenerative diseases, including cardiovascular disease, neurodegenerative syndromes and age-specific ailments such as frailty [16] .
In this context, the immune system has many properties of great importance for survival. The various stimuli captured by the brain during different situations can act beneficial or detrimental on the immune system, triggering a series of reactions with important consequences. Among these stimuli stress deserves [17] .
NO is a key signaling molecule in the cardiovascular, immune and central nervous systems (CNS), and crucial steps in the regulation of NO bioavailability in health and disease are well characterized [18] . The generation of NO by neutrophils is involved in its antimicrobial function. This molecule has been identified as a modulator of various signaling cascades that regulate various functions such as adhesion, chemotaxis, phagocytosis, and respiratory burst, modulation of apoptosis and generation of free radicals [19] . Furthermore, NO has a complex physiological role in the CNS and regulating neuroendocrine functions. It has a substantial capacity to affect dopaminergic, serotonergic and noradrenergic neurotransmission [20] . Studies demonstrated that CA modulates endothelial NO production in a dose-dependent manner. In experimental model, kidney ischemia-reperfusion injury, CA in which this compound significantly reduced tubular cell apoptosis and granulocyte infiltration [21] . Our results (Figure 1 -panel A) demonstrate that CA is able to activates NO releasing from granulocytes in 20-39 age group.
We also found that there was a significant increase (p<0.05) in the production of NO in the age group from 20-39 years when granulocytes were incubated with NoAD ( Figure 1-panel A) . GadekMichalska and Bugagiski have reported that NoAD increases the in vitro synthesis of NO in the medial basal hypothalamus through α 1-adrenergic receptors [20] .
CA increased NO releasing by granulocytes in 20-39 and 40-59 ages groups in similar manner (Figure 1-panel B) . CA was able to increase NO levels, thus demonstrating its continuing role as a cell protector, mainly neuroprotective in this age group.
However, when we analyze the in the presence of effect of NoAD verified that this was not significantly (p>0.05), the production of NO was not significantly found in younger individuals ( Figure  2 -Panels A and B). Here we try to identify some things that may be guiding this failure: 1-failure of the regulatory mechanisms of the HPA axis, 2-a possible inefficiency in awareness receptor α 1-adrenergic stimulation, 3-a deficiency in the NoAD on NO synthase (the enzyme responsible for the synthesis NO). In the Age group from 60-80 years showed that NoAD and CA were not able to change (p>0.05) the production of NO (Figure 1-panel  C) . These results may signal that during the aging process there is a reduction of the sympathetic response that may be justified mainly by the decrease in sensitization of adrenergic receptors α 1-adrenergic. It is suggested that changes in the production of NO leads to activation of iNOS (induced NO synthase) generating a pro-inflammatory response that may be one of the factors that contribute to aging and neurodegenerative diseases [22] .
Neuroendocrine hormones are considered to play major roles in the regulation of homeostasis under stressful environments. Catecholamines (CAs) including NoAD are the first hormones in response to physiological stress trigger a broad spectrum of biochemical and physiological alterations including hyperglycemia and modulation of immunity. Researchers by Zhang, et al. demonstrated the inhibited immune responses and resistance against bacterial infection were observed in both Litopenaeus vannamei and M. rosenbergii received NoAD by injection [11] . These results illustrate the importance of the sympathetic nervous system in modulating immunological pathological and non-pathological conditions.
Our results showed aged group from 20-39 years increased (p<0.05) the production of IL-8 (proinflammatory cytokine) when granulocytes were stimulated with NoAD (Table 1) . When evaluating the production of anti-inflammatory cytokines we observed an increased (p<0.05) the production of IL-4 but not IL-10 (Table  1) . These results show that at this age the IL-4 is who participates in these anti-inflammatory mechanisms and that really CAs may modulate the inflammatory profile in young individuals which realize a balance between cytokines pro and anti-inflammatory. These results demonstrate possibly efficient communication between the immune system and the regulation of the HPA axis by neurohormones such as NoAD to maintain balance pro and anti-inflammatory.
Oxidative stress can increase cytokine production via several different mechanisms. Therefore, during the inflammatory process, oxidizing molecules increase the production of interleukins (IL-8 and IL-6) and TNF-alpha in response to inflammatory stimuli and cytokines increase the production of oxidants setting up a vicious cycle [23, 24] . In addition to antioxidant defense acts directly or indirectly protecting the body from attacks of cytokines and oxidizing. It is believed that the antioxidants protect indirectly by reducing the activation of signaling pathways, preventing therefore the stimulation of cytokine oxidants [25] .
Our results showed that CA significantly decreased (p<0.05), the production of IL-8 in the age group of 20-39 years (Table 1) . However we did not observe significant results (p>0.05), when evaluating the production of IL-4 and IL-10. These results showed that CA can act as a potent anti-inflammatory phenolic acid as this could reduce by more than 90% the production of IL-8 in young individuals (Table 1) .
Assessing the age group of 40-59 years found that NoAD increased (p<0.05), the production of IL-8 but did not change (p>0.05) the production of both IL-4 and IL-10 ( Table 1) . The results for CA have shown that this did not affect the production of IL-4, but decreases the production of IL-8 and IL-10 (Table 1) .
Aged 60-80 years found that NoAD did not change (p>0.05) the production of IL-8 and neither of the cytokines (p>0.05), IL-4 and IL-10 ( Table 1) . The results for CA have shown that this did not affect the production of IL-4 but decreases the production of IL-8 and IL-10, as seen in the age group 40-59 years (Table 1) .
Our results are reinforce previous results Chaves et. al. on deficiency of IL-10 during the aging process. Moreover, this reduced production of IL-8 by CA may be related to antioxidant mechanisms that are deficient in aging and which is a potent anti-oxidant contribute to the reduction of the framework [6, 7] .Thus, our results showed here a profile change where we find a framework favoring the balance pro-inflammatory and oxidative signs of senescence, which is characterized as a chronic inflammatory process and stress.
Aging results in a progressive decrease and general functions of the body, decreasing the ability to react to adaptive changes, and maintain homeostasis. Evidences show that the immune system can initiate state oxidative and inflammatory uncontrolled factors which are linked to the aging process and affect all cells of the body but especially neuroimmunoendocrine system cells [26] . Another aspect is that the antioxidant systems may exert a neuroprotective role by protecting the nervous tissue degeneration caused by ischemia or as a result of chronic neurodegenerative diseases [27] . Endogenous antioxidant defenses can be both non-enzymatic (uric acid, glutathione, bilirubin, thiols, albumin, vitamins and phenols) and enzymatic (superoxide dismutases, glutathione peroxidase and catalase) [28] . The levels of glutathione and these antioxidant enzymes are much lower in the CNS as compared to erythrocytes and peripheral tissues [29, 30] .
Next context to evaluate the modulating effect of CA on the action of NoAD in the production of NO found that aged group from 20-39 years there is an upregulation (increased production of nitric oxide) which can configure the protective action of NO in this age group (Figure 2) . However, when we analyzed the age groups from 40-80 years found an inhibition (p<0.05) NO production when CA was incubated with NoAD compared with the age group from 20-39 years ( Figure 2 ). This table denotes a loss of antioxidant CA in these age groups which can cause systemic and nervous damage.
In evaluating the modulating action the CA on NoAD aged group from 20-39 years found that it is able to increase the production of cytokines both pro and anti-inflammatory setting a balance between these systems (Figure 3 -panels A, B and C) . When we evaluated the age group from 40-59 years observed a significant decrease (p<0.05) the production of IL-8 and IL-10 and one did not change (p>0.05) the production of IL-4 when compared to age group from 20-39 years ( Figure 3-panels A, B and C) . In the age group 60-80 years observed a decrease (p<0.05) marked production of both interleukins pro (IL-8) as anti-inflammatory (IL-4 and IL-10) (Figure 3 -panels A, B and C). In establishing this framework we realized that NoAD can no longer modulate the inflammatory cytokine profile and that there is a significant decay of the contribution of CA as an antioxidant and / or anti-inflammatory.
Therefore, our findings aid in the elucidation of important metabolic points that are part of neuroimmunoendocrine regulation. The aging reflects the sum of many changes that occur in humans during life. The association between age and decreased function of the immune system increases susceptibility to several neurodegenerative diseases. Within this context our work raised several questions in which demonstrated that there is need for further study the molecular mechanisms that are involved in neuroimmunoendocrine systems especially with regard to the adrenergic pathway because it proved to be important in maintaining homeostasis between the immune endocrine and nervous systems.
Experimental Procedure Reagents
The concentrations of Interleukin 8 (IL-8), Interleukin 4 (IL-4), and Interleukin 10 (IL-10) were measured by sandwich ELISA using kit supplied by Assay Designs (Ann Arbor, MI, USA).
Subjects
The Ethical Committees of Federal University of Minas Gerais (UFMG) approved this study (CAAE 0663.0.203.000-11). A detailed medical history, physical examination and laboratory data for each subject were recorded four weeks before entering the study. Appropriate informed consent was obtained from each participant. According to the Senior protocol for the study of immune function in the elderly, [31] , 45 people were excluded from a total of 105 because they showed conditions which were not suitable for the admission criteria (i.e. smokers, infections, inflammation, malignancy, lymphoproliferative disorders, arteriosclerosis, cardiac insufficiency, hypertension, dementia, pregnancy, alcoholism and drug abuse) and/or were taking known drugs that directly influence the immune function. Subjects were divided into three age groups with 10 males and 10 females in each, aiming equality in the number of subjects from each group, and selected by authors ENM and MTGC (Reference Center of Age -Professor Caio Benjamin Dias from Hospital das Clínicas-UFMG). These subjects live in Belo Horizonte, Brazil. The demographic characteristics of the population are shown in Table 2 .
Cell separation
The granulocytes were purified from 10 ml of heparinized venous blood from subjects distributed into tree age groups: 20-39 years, 40-59 years and 60-80 years. The cells were isolated by Ficoll-Hypaque gradient according to Bicalho et al. [32] with slight modifications. Briefly, the neutrophils were separated through the centrifugation of cells over two gradients with density of 1.08 and 1.13 in order to obtain, simultaneously, the separation of mononuclear cells and granulocytes, respectively. The purity of the preparation of granulocytes was 95-100%. The viability of each sample was always greater than 98% as determined by the Trypan Blue exclusion test. , 32 μM, 80 μM, 200 μM, 500 μM, 1250 μM) . The best concentration of NoAD was (10 -9 M) and CA (500 μM), which reflected a lower cell death (5% and 7% respectively) and a greater biological effect.
Dose-response curve

Nitric Oxide (NO) production-Griess reaction
The quantification of nitric oxide was carried out by measuring nitrite second studies by Griess [33] . 100 μL granulocytes were incubated in the presence or absence of NoAD (10 -9 M) and CA (500 μM). In all experiments the final volume was adjusted to 300μl with RPMI pH 7.4. Granulocytes were maintained in cell culture plates of 24 wells, incubated at 37° C and 5% CO 2 for 16 h. After these 16 hours, the granulocytes were centrifuged at 2500 rpm for 15 minutes. The supernatant was collected and used for determination of nitrite. The pellet was resuspended in 200μl of RPMI pH 7.4 and immediately subjected to cell viability analysis. For measurement of nitrite, 100 μL of supernatant was used, which were placed in 96-well plates. To the supernatant was added 100 μL of a solution Griess, which is formed sulfanilamide 1% in 2.5% phosphoric acid and 0.1% naphthylethylenediamine in 2.5% phosphoric acid in a 1: 1 ratio. The contents of the plate were analyzed by ELISA reader at 540 nm. The nitrite concentration was calculated by linear regression using a standard curve obtained from a solution of sodium nitrite and 1mM RPMI.
Determination of IL-8, IL-4 and IL-10 in the supernatant of Granulocytes
Aliquots (3 mL) of the suspension of granulocytes (1 x 10 6 cells/100 µL RPMI-1640 medium) were incubated in the presence or absence of NoAD or CA under 5% CO 2 for 16 hours at 37 o C. Following incubation, the cells were centrifuged and the supernatant, collected. The concentrations of IL-8, IL-4 and IL-10 were measured by sandwich ELISA using kit supplied by Assay Designs (Ann Arbor, MI, USA) according to supplier instructions. The levels of cytokine were determined using standard curves for IL-8, IL-4 and IL-10, respectively.
Statistical analysis
All results were analyzed by ANOVA and Tukey post-test using GraphPad Prism version 5.00 for windows (San Diego, CA). p<0.05 was considered to indicate statistical significance.
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